The emergence of networking has been viewed as a critical educational innovation. To highlight some innovations in educational networking (EN) research, this paper provides a bibliometric overview of international EN research from 2000 to 2018. Based on a keyword search, a total of 1005 journal articles with 13,803 citations were obtained. Through careful bibliometric analyses, three main results were concluded. (1) The growth of EN articles and authors was up by 1.5 times from the first decade (2000-2009) to the current one (2010-2018). (2) The most influential journals (over 300 citations) were identified. The research scope covers education technology, higher education, education policy, and even AIDS (acquired immune deficiency syndrome) education. (3) Based on some popular bibliometric indicators, the changes of research trends can be seen from the comparison of the main streams, which are identified from the most influential articles. Classification of the main research streams was presented, providing a typological understanding of the EN literature. In the first decade of research, the two articles which ranked first in terms of overall citations and average citations are Horvat et al. (2003) (232 times) and Coburn and Russell (2008) (17.6 times), respectively. In the last decade, the article by Roblyer et al. (2010) received both the highest number of citations (407) and average citations (45.2). Finally, the main ideas of highly-cited articles were categorized into three research streams. While the EN research of the earlier decade focused on interpersonal relationships, that of the recent decade emphasized on some innovative networking approaches, such as social media for learning, and network-based methodologies. Further discussions are provided.
Introduction
With the emergence of social media (e.g., Facebook), the term "network" or "networking" has become popular and has even been applied as an innovative tool for learning in the field of education. Numerous attentions on these network-related topics not only benefited the industrial development, but it has also attracted considerable academic researchers. According to the topics search on the Web of Science (Wos), "network" or "networking" research has shared over 4.5% of the journal articles in the category of education and educational research (the search was conducted on 12 February 2019), indicating a high relevance and importance of networking research in the educational domain.
Networking points to a process of information sharing and communication with some others, including collaborative learning community [1] , social networking on learning [2] [3] [4] , and the method of network analysis [5] [6] [7] . Holcomb and his colleagues defined "educational networking" as the use of social networking technologies for educational purposes [8] . Network, on the other hand, refers to "a huge system consists of many similar parts so that they can share information" (according to the Cambridge dictionary). In the educational context, a network can be a group of people with the same specialties, such as personal professional network [9] . In this study, "network" and "networking" are considered as two specialized but highly-correlated terms in the digital age. Therefore, we include these two concepts and define "educational networking" as a group or system of interconnected people or things for educational purposes (referring to the definition of Oxford) for the following analysis.
In the recent reviews of educational networking (EN) research, some studies have focused on the use of social networking technology (e.g., Facebook) as a technology-enhanced learning tool for educational purposes from various perspectives. For example, Macià and García (2016) reviewed 147 journal articles (2012) (2013) (2014) (2015) which explored the influences of informal online networking communities (e.g., Facebook) on the learning environment in secondary education [10] . They concluded that the pedagogical affordances of Facebook could be partially implemented. Likewise, Chugh and Ruhi's (2018) narrative review pointed out that social media (e.g., Facebook) can be used as an educational tool to increase teacher-student and student-student interactions in higher education [11] . Niu (2019) further presented four research directions regarding the adoption of Facebook for academic purposes, including an in-depth examination of learning using Facebook, quasi-or true experimental design, the address of potential response bias, adoption of content analysis [12] .
Another two reviews, on the other hand, focused on network-based platforms for learning. Amara et al. (2016) reviewed the issues of group formation in mobile computer-supported collaborative learning (CSCL) contexts [13] . Some recommendations for future research, such as group formation problems in CSCL environments, the customization of the grouping process, and the implementation of grouping algorithms and evaluation methods were provided. After reviewing 146 empirical studies (2014) (2015) (2016) in the context of massive open online courses (MOOCs), Zhu et al. (2018) concluded that learner retention and motivation are the critical issues for networked learning [14] .
Previous reviews have provided future directions for EN research. This paper; however, aims at providing an essential and systematic understanding of EN publication patterns in past two decades. In addition, the corresponding bibliometric data accompanied with large-scale citation evidence from 2000 to 2018 was collected together to profile critical publication patterns in EN research. Based on some popular bibliometric indicators, the most influential articles between each period of research were identified as the main streams for the comparison of the changes of research trends. Classification of the main research streams was also presented, providing another typological understanding of the EN literature.
Specifically, three research purposes of this present study are: (1) To calculate critical research statistics regarding the number of journal articles and authors involved in the EN area year by year. The non-repeated counts of the authors who appeared in the publication were used to reveal the actual scale and the new involvement of "the invisible colleagues of international EN publications" in each year of research; (2) to present a structural macro-view of the EN research by using bibliometric analysis to identify the most productive countries and influential journals in the EN literature; and (3) to take a close look at high-impact EN articles across two research decades (earlier decade: 2000-2009; recent decade: 2010-2018). The two periods were set to further investigate the decade changes in the main research streams from the earlier days of the dot-com era to the recent decade. The research streams were extracted and categorized from the high-impact EN articles in each period. The procedure of data retrieval from the WoS, the use of bibliometric analysis (e.g., h-index, g-index), and the coding scheme of contributing countries will be specified in the Data and Methodology section. Taken together, this paper provides a clear understanding of the status of EN research backed up with solid bibliometric evidence.
Methodology

The Process of Research Data Collection
Since the nature of this paper is a research survey, the process of research data collection is crucial for a systematic overview of educational networking research. In this study, only high-quality journal articles were selected as the sources of the analysis. As such, we focused on the research articles published in the education and educational research (EER) journals, which are classified by the world-renowned research database, the Web of Science (WoS) [15] . The foundation of high-quality education journals meets the primary purpose of educational networking research in this study. To include as many research articles as possible, we did not limit the application fields. Instead, a straightforward term "network" was set as the keyword to search for articles in the education domain as the initial pool of research papers. However, a relevancy test based on citation relationships was conducted to secure the relatedness of the research data [16] . The test assumed that if an article is not cited or does not cite any other articles in the dataset, it is considered to be unrelated to the primary literature of analysis, and should; therefore, be excluded. It is especially accurate and effective when a large-scale set of citation links is collected as the basis for a test. Based on this systematic data collection approach, a total of 1005 educational networking articles with 13,803 received citations were obtained. The time-span of research was set from 2000 to 2018, and the collection of citation data was carried out over a period of 2 weeks and was completed on 12 February 2019.
Bibliometric Analysis
Bibliometric analysis is rooted in the library science of tracking citation relationships among journal publications [17] . The most powerful application of bibliometrics is known as science and social science citation indices (SCI and SSCI) in academic research. Some researchers have used bibliometrics to review EN literature. For example, Martí-Parreño et al. (2016) used bibliometric analysis to review 139 papers related to gamification in the education area from SCI and SSCI databases [18] . Hernández et al. (2017) conducted bibliometric analysis and author productivity analysis to analyze 226 papers of ICT-based learning from Scopus [19] .
Based on the bibliometric analysis, we employed some citation statistics to observe the trends in educational networking publications, and to calculate the country productivity based on the affiliation of the first author. The statistics included total times cited, average times cited (per research period 2000-2009 and 2010-2018), and active year of publications. In addition, we applied two bibliometric indicators, h-index and g-index, to identify the most influential journals in the field as well as the articles with the greatest impact in each period. The h-index, first introduced by Hirsch (2005), provides an author-level metric that measures how many articles have each been cited at least h times [20] . For example, if an author has an h-index of 5, it means that the author's top five publications have been cited at least five times. The g-index provides in-depth understanding of how many articles are receiving together at least g-square (g2) citations [21] . This study adopted the two indices of the journal-level metric to identify the top-tier journals in EN research.
Results and Discussions
The Statistics of Articles and Authors in Educational Networking Research
To present the publication patterns of educational networking research, the distributions of published articles and participating authors in EN research were conducted. As shown in Figure 1 , a clear upward trend in both lines was found. Figure 1 shows a clear upward trend in the published articles and involved authors in the EN research. Overall, a total of 1005 EN articles with 2343 authors were found. Note that in this study, non-repeated authors were counted to outline how many new researchers joined in EN research each year. As presented in Figure 1 , more than 100 new authors (112, in upper line) participating in the EN publications first appeared in 2009, and more than 100 articles published in a single year first appeared in 2017 (107, in lower line). In the last five years (except 2014), more than 200 new authors participated in the EN study each year as shown in the map (n = 218, 2015; n = 201, 2016; n = 262, 2017; and n = 233, 2018), indicating an active growth trend in the field. Table 1 presents another viewpoint of country productivity to reflect the EN publication patterns. In this study, we regard the affiliation of the first author as a contribution to the country. The information of author's affiliation was extracted from the bibliometric record on the Web of Science. This approach is relatively straightforward, because the first author is responsible for the entire article and; therefore, makes a significant contribution to the research. This idea is also applied in other bibliometric analysis, such as author co-citation analysis [22] , and the feasibility has been confirmed in a recent educational review research [23] . As shown in Table 1 , the top 10 productive countries in terms of EN publications are: the USA (328), UK (128), Spain (67), Australia (61), Taiwan (46), China (46), the Netherlands (41), Canada (33), Germany (32) , and Turkey (30) . The figures in the parentheses are the total EN articles published and led by the country's researchers. Note that all of 1005 articles were contributed by researchers from 53 countries.
The Most Productive Countries in Educational Networking Research
Taking a close look, a total of 328 EN articles were published by researchers in the United States, with almost 30% of publications surpassing other countries. The cumulative publications of the first decade (98 articles, 2000-2009) and the last decade (230 articles, 2010-2018) dominated the performance of other countries. More specifically, the researchers from the USA were also the most active authors of EN research published in each year. In this study, only the UK had the same publication pattern (having EN papers published in each year of research). Overall, the British researchers contributed 128 articles and the UK was ranked as the second most productive country in terms of EN publication. However, compared to 135% of the US growth trend in the two decades of publications, the productivity of the UK in EN research has decreased in recent years (72%). There is a similar trend in the Netherlands (ranked seventh), where their growth rate of EN research across two decades was 56%. Overall, the total amount of EN research in recent years (2010-2018) has reached 745 articles, which is almost 280% of the volume published in the previous decade (n = 260, [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . This may also indicate that international EN research has become more competitive in recent years than in the previous period.
The productivity of EN research in Spain (ranked third), Australia (fourth), Taiwan (fifth), China (sixth), Canada (eighth), Germany (ninth), and Turkey (tenth) has significantly increased (at least 107%) over the last decade; in particular, Spanish publications have grown by 917% in the EN field, Table 1 presents another viewpoint of country productivity to reflect the EN publication patterns. In this study, we regard the affiliation of the first author as a contribution to the country. The information of author's affiliation was extracted from the bibliometric record on the Web of Science. This approach is relatively straightforward, because the first author is responsible for the entire article and; therefore, makes a significant contribution to the research. This idea is also applied in other bibliometric analysis, such as author co-citation analysis [22] , and the feasibility has been confirmed in a recent educational review research [23] . As shown in Table 1 , the top 10 productive countries in terms of EN publications are: the USA (328), UK (128), Spain (67), Australia (61), Taiwan (46), China (46), the Netherlands (41), Canada (33), Germany (32) , and Turkey (30) . The figures in the parentheses are the total EN articles published and led by the country's researchers. Note that all of 1005 articles were contributed by researchers from 53 countries.
The productivity of EN research in Spain (ranked third), Australia (fourth), Taiwan (fifth), China (sixth), Canada (eighth), Germany (ninth), and Turkey (tenth) has significantly increased (at least 107%) over the last decade; in particular, Spanish publications have grown by 917% in the EN field, which is almost 10 times the number of their publications in the first decade, following by researchers from Canada (271%), Germany (257%), Australia (159%), and Taiwan (107%). On the other hand, authors from China and Turkey had no published records in the previous decade, but in recent years they have contributed EN research almost every year. This shows that the importance of network research in education is increasingly of interest to researchers, especially in countries experiencing economic development. Table 2 lists the most influential journals in EN research with the volume of total citations, g-index, h-index, and articles published from 2000 to 2018. In this study, a total of 196 journals published in educational networking research were found. However, only the journals with more than 300 total citations and within the top 10% of the g-index were listed. As a result, a total of 12 journals which met the criteria were selected. The results can be considered as the main streams of EN research over two decades. The analysis of the most influential journals also provides a global assessment of the scientific impact in the EN literature from the perspective of journal publications.
The Most Influential Journals in Educational Networking Research
All in all, Computers & Education (C&E) ranked first of 196 journals and published 61 articles with a high impact h-index of 21 and a g-index of 41. The performance of C&E in both indicators was the highest in this study, where an h-index of 21, which means that 21 articles published in C&E have been cited at least 21 times. Additionally, the g-index of 41 indicates that over half of the EN articles published in this journal have been cited more than 41 square times, which is 1618 citations. In fact, all 61 EN articles published in C&E have received a total of 1780 citations. The citation counts were collected until 12 February 2019.
Next was Internet and Higher Education (IHE) with 18 articles, an h-index of 12, and a g-index of 18. Overall, articles published in this journal have been cited 904 times. However, according to the result of active years, the EN study published in IHE began in 2008, which is eight years later than C&E. This may indicate that a new research trend of networking research focusing on the issues of internet use and higher education has emerged. British Journal of Educational Technology (BJET), ranked third in terms of the number of articles, published 38 articles with an h-index of 13 and a g-index of 21 and received 504 citations. The three leading journals covers the most critical research in technology-enhanced learning, network-based learning, and higher education.
Other journals with similar attributes and research scope are listed in Table 2 as well, for example, Journal of Computer Assisted Learning (JCAL), International Review of Research in Open and Distributed Learning (IRRODL), Educational Technology and Society (ET&S), Studies in Higher Education (SHE), and Higher Education (HE), which ranked 5 and 7 to 10, respectively. Note that the IRRODL is the only open access journal in this top list. It focuses on openness of higher education, and some regional issues in networked learning, such as in Africa and Middle Eastern countries.
It is noteworthy that the bilingual research journal Comunicar, published in Spanish and English, is listed in fourth place in this analysis. The research scope of Comunicar focuses on communication and education (also known as educommunication), communication technology, and new languages. This journal has published 24 EN articles with an h-index of 14 and a g-index of 22, receiving a total of 490 citations. Comunicar published its first EN-related article in 2011 (compared with other top 10 journals in Table 2 ). On the contrary, the American Journal of Education (AJE), one of the long-standing education journals, published six EN studies from 2003. This result highlights the emerging importance of networking research in education, even in educommunication areas.
Last, the AIDS Education and Prevention journal provides a particular application of networking research in the field of health education. Even though the network has some unique representations and traceable functions between nodes for the investigation of AIDS networks, the topics are sensitive and some articles are not as highly referenced as shown in the following analysis. As such, the main applications of EN research in this journal were noted here: personal networks [24] , family and friendship networks [25] , the use of social networking applications, and HIV prevention [26] .
In sum, compared with the other 184 journals (with 6947 citations), the top 12 have received about half of the citations (6856), forming some of the main research streams in EN research. The analysis from the perspective of journals reveals some diversity in the interest in EN research. The details of the main research streams and some of the potential changes will be further discussed below by considering the top 10 influential articles over the past two decades. 
Research Trends and Changes: The Analysis of the Top 10 EN Articles over Two Decades
In order to reveal some potential research trends and changes in the EN literature, the top 10 EN articles across two decades were identified and compared. As shown in Table 3 ; Table 4 , the ranking of articles was conducted by sorting the average citations of each article published during 2000-2009 and 2010-2018. In the first period from 2000 to 2009 (Table 3) 2007) (ranked sixth) adopted the Bayesian network methodology to detect students' learning style in a Web-based education system [29] . In addition to the above CSCL research, de Laat et al. (2007) (ranked ninth) presented another type of CSCL paper [30] . They conducted a review to address how social network analysis (SNA) is applied in networked learning/computer-supported collaborative learning (NL/CSCL) research. In sum, the issues of educational policy and learning collaboration were the main camps of EN research in the first decade.
From the perspective of learning scaffolds, researchers considered social network technology as a scaffolding tool to facilitate students' learning. For example, Greenhow and Robelia (2009) (ranked fifth) was one of the early studies to explore the effect of using social network sites (SNSs) (i.e., MySpace) on learning [31] . From another angle, Zurita and Nussbaum (2004) (ranked 10th) confirmed the significant learning effects in a mobile learning environment by a wireless handheld network [32] .
In terms of methodology, half of the highly-cited articles use qualitative methods, while the rest adopt quantitative approaches. Among the qualitative methods, the case study [27, 33] , interview and observation [31, 34] are the top used qualitative methods (four out of five articles). Another qualitative method is a state-of-the-art review, which has been adopted in Bell's research [28] for proposing some arguments of network governance in privatizing education. As the quantitative methods, most researchers utilize social network analysis as the primary method (three out of five articles) [1, 7, 30] . The rest of the two articles use Bayesian networks [29] and experimental design [32] .
In addition to exploring students' learning outcomes, Penuel et al. (2009) (ranked seventh) analyzed teachers' professional interaction with peers (e.g., in meetings, staff rooms, and classrooms) [33] . They believed that this kind of social interaction helps to enact changes in school reforms. Another compelling article explores parental networks. Horvat et al. (2003) (ranked fourth) use ethnographic data to compare the power of parental network between middle-class and poor working-class parents [34] . They found that the network of middle-class parents is easier to have a contact and to mobilize the information with professionals and school officials than a network of poor working-class parents can function. It is worth mentioning that this article received the highest total citations of 232 in the first research period. Table 4 shows a close look at the top 10 articles in the recent era from 2010 to 2018. Compared with the previous research decade, the main difference in this decade of research is that social networking platforms are heavily used for teaching purposes. Among various social networking sites (SNSs), Facebook has proven to be the most popular in both practical social applications and in academic research. In the recent years of analysis, Roblyer et al. (2010) ranked first for total citation counts and average citations (407 and 45.2, respectively) [35] . They found that students use Facebook extensively to support their classroom assignments. Other studies have also confirmed the effectiveness of social networking engagement (e.g., on Facebook) on students' learning outcomes [36, 37] (ranked fifth and sixth, respectively) and social acceptance [38, 39] (ranked third and seventh, respectively). Moreover, Kop's research review (2011) (ranked fourth) also emphasized the important impact of SNSs for educational innovations and raised some questions and challenges whereby open online networks might prevent learners from having a quality learning experience [40] . Table 4 also reveals some research trends for professional learning networks (PLNs) and social gamification in learning. From the perspective of teachers' professional growth; however, some evidence from recent studies was found. Veletsianos and Kimmons (2013) (ranked eighth) investigated teaching faculty's online practices and the use of SNSs for their teaching purposes and personal connections [41] . Based on several interviews, they found that both synergies as well as tensions existed for networking technology and professional purposes, such as teaching and research needs. Moreover, Trust et al. (2016) (ranked ninth) also confirmed the relationships between the use of PLNs and teacher development, including pedagogical practice [42] .
Another trend regarding the issue of using SNSs and gamification approach for learning, the research team led by de-Marcos has contributed two comparative articles. The former research (de-Marcos et al., 2014) (ranked second) concluded that social networks and gamification approaches performed better in academic achievement than traditional e-learning approaches, but not in assessing knowledge [2] . Another study by de-Marcos et al. (2016) (ranked tenth) further confirmed that social gamification has achieved better results on the immediacy and all types of assessments [3] .
In terms of methodology, five out of ten highly-cited articles are quantitative research [2, 3, 35, 37, 39] , three are qualitative research [36, 41, 42] , and the remaining two use mix method [38, 40] . Among the quantitative studies, five conduct survey method [35, 37, 39] , and two adopt experiential design [2, 3] . While most quantitative survey methods are descriptive statistics [37, 39] , Roblyer et al. (2010) performed some nonparametric analyses (e.g., Pearson Chi-square test) to analyze ordinal nature of data [35] . In addition, Yu et al. (2010) mixed structural equation modeling (SEM) and focus group to test the model of online social networking impacts [38] . Regarding the qualitative methods, focus group appears to be the most popular method to explore more in-depth information [36, 38, 40] . The other two qualitative methodologies are phenomenological method [41] and thematic analysis [42] . While Veletsianos and Kimmons (2013) adopted phenomenological interview to obtain the lived experiences of university faculty with social networking sites [41] , Trust et al. (2016) conducted a thematic analysis to identify and explore patterns of professional learning networks from open-ended survey items [42] . 
Discussions: The Classification of Main Research Streams
Based on observation of the main ideas of the highly-cited articles, three research streams were categorized, including: (1) personal social network relationships, (2) social networking approaches for learning, and (3) the network-based methodologies. First of all, most of the highly-cited EN research was focused on the social networking approaches to promoting learning performance. Researchers have demonstrated that social networking approaches can enhance students' academic achievement, such as CSCL community [1] . When we mentioned the engagement of social networking tools, it is interesting to find that most of the research was conducted in the recent decade (2010-2018). As shown in Table 4 , social networking sites, such as MySpace [31] and Facebook [37, 38, 40] , were used as accessibility tools to facilitate learning experiences. Other networking tools, such as online social networks [36] , professional learning networks [42] , and gamification [3] , were also adopted and served for the same purpose.
Next, the second research stream is personal social network relationships. Past research found that personal social networks have some important impacts on school-related matters. Among the relational networks, parents, teachers and students were the three main participants of research. For example, Horvat et al. (2003) pointed out that the parents' networks, especially those related to their social class, will affect their relationship with the school staff [34] . In their study of teachers' social networks, Coburn and Russell (2008) [27] indicated that regional policies can influence teachers' social networking relationships in terms of discussing teaching instruction with peers, and this social relationship can improve their ability to cope with changes in school reform [33] , especially in the case of social networking tools, such as professional learning networks (PLNs) [42] . As for the study of student learning efficiency, most studies concluded that students' social networking has demonstrated its efficiency in learning performance (e.g., de-Marcos et al., 2014 [2] ).
Finally, special interests in network-based research methods are also noteworthy, such as Bayesian networks and social network analysis (SNA). Garcia et al., (2007) proposed a Bayesian network to the online education system to provide some adaptive recommendations for different students' learning styles. Other researchers used networking attributes (e.g., centrality measures) and networking diagram to visualize the networking phenomenon in several educational environments [29] . For example, Martínez et al. (2003) used density and degree centrality measures as proxy variables for collaborative activities (e.g., sharing information, discussions and solving doubts) [7] . Coburn and Russell (2008) used two network-based variables (i.e., tie span and tie strength) to represent the network structure of teachers' relational network [27] . While Cho et al. (2007) employed more centrality measures (degree, closeness, betweenness, and structural holes) to represent collaborative learning social networks [1] , de-Marcos et al. (2014) focused on in-degree centrality to identify the central players in the game-based learning network [2] . In sum, in the first decade, the case study and interview were the most used qualitative analytic technique, while the social network analysis was adopted as the significant quantitative method. In the second decade, quantitative methods (especially survey approach) surpassed other research methods. However, mixed methods and more sophisticated qualitative methods (e.g., phenomenology [41] , thematic analysis [42] ) were applied to explore more in-depth research contexts.
Conclusions and Research Limitations
This study has contributed a bibliographic overview of the EN research from 2000 to 2018. These results help researchers explore the rising trends of published articles and authors involved in EN research, identifying the most productive countries and influential journals in the field. Based on observations of changes in highly-cited articles, some discussions have been provided. Moreover, the classification of three main research streams was identified as the directions of future EN research.
Nevertheless, the findings are subject to some methodological limitations. First, the source of the data input is a limitation. The research data used in this study were based on the Web of Science, and are; therefore, focused on rigorous journal publications. Those EN studies published in conference proceedings, book chapters, and non-indexed journals were not included in this present study. Second, the method of data analysis may be another limitation. Although bibliometric analysis was used to systematically analyze the EN literature, other content analysis and citation-based methods can be considered in the data analysis to provide a more comprehensive overview of the direction of EN research. For future research, an integrated approach can provide further evidence and analysis to identify the most critical knowledge flows of the literature.
